Growth regulators are used to control growth and flowering because it is difficult to install lighting and shading equipment under open field conditions for summer-to-autumn-flowering chrysanthemum in cut flower production.
INTRODUCTION
Growth regulators are used to control growth and flowering because it is difficult to install lighting and shading equipment under open field conditions for summer-to-autumn-flowering chrysanthemum in cut flower production. 1) Sometimes, ethephon promotes the growth of summer-to-autumn-flowering chrysanthemum.
2) The plant hormone cytokinin controls flower bud differentiation in Xanthium 3) and Lemna. 4) The endogenous cytokinin level was very high when flower bud differentiation was promoted in strawberries. 5) Cytokinin controls the manifestation of photosynthetic genes and promotes the accumulation of chlorophyll and other photosynthetic pigments. [6] [7] [8] Cytokinin is thought to control the differentiation of tissue in plants. 9) Therefore, cytokinin should be used for forced flowering and morphological control in summer-to-autumn-flowering chrysanthemum.
The effect of cytokinin 6-benzylaminopurine (6BAP) applications on flowering and the regulation of morphology in summer-to-autumn-flowering chrysanthemum was studied for cultivation of high quality cut flower.
MATERIALS AND METHODS

Plant Material
The Shinshu University research field (770 m above sea level) was used for all experiments. Chemical fertilizer (Nitrogen: 20 g/m 2 ) and manure (1 kg/m 2 ) were applied before planting and all rooted cuttings were planted at intervals of 10 cm in two rows 30 cm apart. One day after planting, the rooted cuttings were pinched to induce branching and twenty days later pruned to three stems per plant. A 6BAP (0.5% 6-benzylaminopurine solution from Kumiaikagaku Co., Ltd.) solution (4-20 ml) or that plus 200 mg/l of ethephon was applied as a spray to whole plants in three growth stages (the day of planting; lateral branches with five fully expanded leaves; lateral branches with ten fully expanded leaves).
Effect of 6BAP Applications on Growth and Flowering
The summer-to-autumn-flowering chrysanthemum cultivars 'Iwanohakusen', 'Fukashinotakumi', 'Seiun' and 'Summeryellow' were used in this experiment. Rooted cuttings were sprayed using 0 (controlϭwithout), 0.01, 0.1, 1.0 and 10 mg/l of 6BAP. Cuttings were collected on Apr. 26 2001 and rooted cuttings were planted on May 10 in the research field. The plants were sprayed with the 6BAP solution on May 11, Jul. 7 and June 17. Cut flowers were collected at petal opening, and flowering, leaf number and stem length were investigated in 18 plants each (6 plants, 3 replicates).
Effect of 6BAP with Ethephon on Growth and Flowering
The summer-to-autumn-flowering chrysanthemum cultivars 'Seiun' and 'Summer-yellow' were used in this experiment. Rooted cuttings were sprayed with a solution of 6BAP and 200 mg/l of ethephon (2-chloroethylphosphonic acid); 0 (withoutϭcontrol)ϩ200, 0.01ϩ200, 0.1ϩ200, 1.0ϩ200, 10ϩ 200 (mg/l). Cuttings were collected on May 13 and rooted cuttings were planted on May 27 in the research field. The plants were sprayed with 6BAP and ethephon on May 28, June 24 and Jul. 1. Cut flowers were collected and investigated as in section 2.
Effect of 6BAP with Ethephon on Plant Morphology
Again the cultivars 'Seiun' and 'Summer-yellow' were used in this experiment. Rooted cuttings were sprayed with 6BAP and 200 mg/l of ethephon; 0ϩ0 (control), 0.01ϩ0, 0.1ϩ0, 1.0ϩ0, 10ϩ0, 0ϩ200, 0.01ϩ200, 0.1ϩ200, 1.0ϩ200, 10ϩ 200 (mg/l). Cuttings were collected on May 27 and rooted cuttings were planted on June 11 in the research field. The plants were sprayed with 6BAP and ethephon on June 12, Jul. 5 and Jul. 12. Upper leaf color was investigated using the Fujihirakougyou Co., Ltd. leaf color chart for paddy rice (from 1ϭlight to 7ϭdark) in 18 plants of each cultivar on Jul. 22 and at harvesting (see Table 2 ). The percentage of plants with second lateral buds growing after disbudding of the first lateral bud, percentage of plants with less dissected leaves, breadth of the largest leaf, and leaf hair length were investigated in 18 plants of both cultivars at harvesting.
RESULTS
Effect of 6BAP on Growth and Flowering
'Iwanohakusen', 'Seiun' and 'Summer-yellow' sprayed with 0.1 mg/l of 6BAP flowered 2.2-2.9 days earlier while 'Fukashinotakumi' sprayed with 1.0 mg/l of 6BAP flowered 3.9 days earlier than the controls (Table 1) . Leaf numbers for all cultivars treated with 0.1 mg/l of 6BAP were increased (Fig. 1) . Stem lengths of cultivars sprayed with 0.01-0.1 mg/l of 6BAP did not differ from control value, however, those of cultivars treated with 10 mg/l of 6BAP were 11.2-15.1 cm shorter than control values. 
Effect of 6BAP with Ethephon on Growth and Flowering
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Effect of 6BAP with Ethephon on Plant Morphology
The upper leaves of both cultivars sprayed with 1.0-10 mg/l of 6BAP with or without ethephon (200 mg/l) were light green on Jul. 25, as young plants ( Table 2 ). The leaves of both cultivars treated with 10 mg/l of 6BAP without ethephon and 10 mg/l of 6BAP with 200 mg/l of ethephon were lighter 310 H. Sugiura Journal of Pesticide Science 
DISCUSSION
Summer-to-autumn-flowering chrysanthemum sprayed with 0.1-1.0 mg/l of 6BAP flowered earlier than controls. Cytokinin applied exogenously is resolved in a short time. 10) Therefore, it may be possible to achieve earlier flowering using spray of 0.1-1.0 mg/l of 6BAP continuously in summerto-autumn-flowering chrysanthemum and this should be studied further. Ethephon should not be used with 6BAP because it did not hasten flowering. High up on the plant, leaves of all cultivars treated with 1.0-10 mg/l of 6BAP or 1.0-10 mg/l of 6BAP and 200 mg/l of ethephon were light green, as young plants. Maturation was inhibited by a nitrogen fertilizer because the amount of endogenous cytokinin increased. [11] [12] [13] Therefore, 6BAP is thought to control leaf color and at 1.0-10 mg/l caused it to lighten. 6BAP of 10 mg/l changed leaf shape in summer-toautumn-flowering chrysanthemum and also the chrysanthemum leaves treated with ethylene were less dissected than leaves of untreated control plants. 14) Cytokinin promotes the growth of leaf and lateral buds. [15] [16] [17] It was easy to promote adventitious buds with plant callus using auxin with a high concentration of cytokinin. 18, 19) Therefore, cytokinin is thought to control chrysanthemum leaf shape with other growth regulators and can be used to induce morphological change.
As a result, 0.1-1.0 mg/l of 6BAP promoted flowering and 1.0-10 mg/l transformed the morphology and upper leaf color in summer-to-autumn-flowering chrysanthemum. 
